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TITLE: Interesting Foreign Elsctron Tube Techniques
by F» R. Michael and To H. Briggs, Research Laboratories,

Burronmghs Corporation, Philadelphia.

INTRODUCTION

The data to be prestnted in this talk have been obtained from studies
and analyses of foreign ele¢tron tubes produced during the past eight years.
The products of several countries and plants are involved as sources of this
material, These represent tubes which are not normally avallable for com-
parison by United States tube engineers. The work has been supported by con=
tracts from the United States Government.. Te purpose haa been to imprové
quality and reliability of tubes for military use. |

A great deal of information has been accumulated; which,it-is felt, should
be made available to the American tube industry for their.own study and evaluation.
We believe and sincerely hope that some of these findings will result im their
incorporation into the procedures of our own industrye |

Some years ago, when working in a tube plant, several of us had an opportunity|
to visi£ ﬁhb‘plgnts of our neighboring colleagues and vendors. Upon our return,
the plant ménager asked what we had seen. Naturally we tended to point up the
spots where our own plant was better than that of our competitors. We did not
get very far with this for we were cut off short with the remark, "I don't want
%o hear where they are worse than we are. I want to know where they are betier
so that we may improve"™. That single remark had a tremendous influence upon
all who heard it, and our subseguent trips consequently were of greater value
to our parent erganization. I would like te use this philosophy in today's
talke No one will dispute me when I say that our own tube industry is the
largest and best in the world; but let us see what we can learn to our own.
advantage from foreign tube practicess |

by
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BACKGROUND

The foreign tubes have been compared with American tubes of the closest
possible types. The analytical work has consisted of electrical testing, X-ray
photographing, studies by use of plastic cross section, mechanical examinations
and measurements as well as chemical analysis of materials. Taken individually,
the data are of little sign@ficance. Taken collectively over a period of time
and 6f space, the results can be extremely valuable and significant.

| ‘It is our intent to present only those features in which we have confidence
that the supporting data are sufficiently strong to provide a high degree of
creditability. We hope our data will be challenging, and will stimulate further
study. Ve do not pretend to provide answers in detail.

.First, it is necessary to ddnsider as a background some of the conditicn$
facing the foreign electron tube plants. In general the largest of their tube
plants produces fewer tubes than many of the small or medium size domestic plants.
While the number of tube types may not be as great as will be found in our own
warehouses, the variety of tube families is greater.

Second, the advantages of ample financial budgets to provide automatic equip-
ment are taken for granted in this country. Production of electron tubes requires
a varlety of highly specialized materials with exceptional contfﬁl of quality and
uniformity. Our large volume usage permits the economic production of much of
this material, In Buropean countries where the quantities of materials required
are smaller, the economic incentive to the vendor companies is lacking. Further,
there are the difficulties of language and national boundaries to be overcome.

Those of you who make tubes can readily imagine the aaded difficulties
which you would daily face should these problems be added to your own.

Mr, Michael and I have spent many years in making radio tubes. We are
familiar with the difficulties. We have experienced the problems of attempiing .

@ 2 wn
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to adopt for procudtion in our own plaat the process material or design which
has worked satisfactorily in a reighboring plant. 8o we can acknowledge at

the start that many of the points of interest which we will discuss in the for-
eign tubes can be transposed for domestic use only with difficulty or with major
adaptation to our localiged practices. |

Two major requirements are placed upon electron tubes, mechanical quglity
and electrical reliability. The mechanical quality, the resistance to shock
and vibration, is a function of tube design and the ease with which operators
can assemble the parts. The electrical reliabilities which are desired by cus-
tomers are essentially those of uniformity of initial characteristics and long
trouble~free electrical life. Basically life is dependent upon a 1§w rate of
barium evaporation, a low gas content and a slow rate of interface impedance
build-up on the cathode. In both cases the severity of the tube application
conditions are of great importance, not excluding, of course, the environments
surrounding the tubes. It is quite probable that the applications demanded of
tubes in the United States, particularly those of military equipments and large
screen television receivers, are somewhal more severe than the average require-
ments placed on tubes abroade.

With these conditions in our minds, we have selected several features from
the foreign tubes which we believe are of interest to the American tube engineers,
and are worthy of further investigation and adoption to use in our own deslgns.
HEATERS

Slide No. 1 shows methods used overseas for insuring tight welds between
the heater wire and stem leads. The first is the well-known tubular connector
which is expensive and has been used to some extent on premium grade tubes in
this country. The second method is shown by the drawing of a recent and more

simple mechanical method for swaging the foreign tungsten heater wire in the

v.-_s_)ga
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nickel stem leads., This is the one that should appeal in particular to higher
production tube types. Apparently a special tool or plier is employed.

One of the rezsons for heater failure is the so-called "lighthouse" effect,
wherein the relatively thinnly coated or bare heater wire over-heats when.voltage
is first applied. One company has painted a black iron oxide paste upon the
neater-towstem wire junction. This not only provides increased mass, but im-
proves the thermal.-radiation to avoid local over heating and consequent burn~out

‘of the resistance wire.

The other two drawings are the conventional US embedded weld and the J=bending
of the stem wires which is now being used in certain reliable tubes.

S1ide No, 2 illustrates various forme of neater construction. The folded wire
and the reverse coil are normally used in this country. The V-shaped single coil

~is being used more and more extensively in certain tube plants abroads It is be-

" 1ieved that one of the reasons is that these coils can be wound with less complex
machines and with less severe requirements placed upon the quality of the tungstep
and tungsten alloy heater wire. It is also possible to design a va:iable pitch
for this coil which will provide greater temperature uniformity along the length
of the cathode sleeve. Variable pitch heaters are used in & wide variety of tubes
from close spaced rectifiers throxigh the RF and power output pentodes. We have
found that European engineers do not adopt techniques unless they are well jus-
tified both scientifically and economicallye. There is ample evidence that our
own tubes would be improved through greater uniformity of cathode temperature.

"MOUNT STRUCTURE

5lide No. 3 shows a photograph of a domestic 6SK7GT tube and its foreign
equivalent, Note particularly the shorter base shell and the shorter overall
height for the foreign tube. These two tubes have the same type designation

and electrical ratings. They are completely interchangeable. '

4

w5 -
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S1lide No. L shows the same tubes with the bulb removed. Slide No. 5 shows
them in x-ray views. Note that the foreign mount is supported by thin dumet
lead wires which are annealed and quite weak in ccowparison with the one milli-
meter diameter nickel wires used in this country for mount support. The borate
coating apparently is removed by sand blasting prior to welding. The shorter
muunt height 1s possible by elimination of the pinch type of stem press. Where
the getter is at the top of the mount, a larger bulb volume is permitted for
getter flashing and there is freedom from reflected yetter material upon the in-
sulating mica spacers,

Slide No. 6 shows somewhat more clearly the floating type of mount étructure

by an idealized drawing. An excellent permanent spring for centering the mount

in the bulb and cushioning it against shock and vibration is provided by the

"ox-bow" tungsten wire of twelve thousandths of an inch diameter. This frequently
permits the mica spacer to be smaller in area and thus conserves the strategic
mica material which is extremely scarce in Europe., Tests are in progress to
determine whether or not this floating structure with the small diameter annealed
lead wires yields a better shock resistance than the standard American receiving
tubes.,

A method of crimping the spring wires 1o the mount structure has been well
standardized for a wide variety of tube types. There is a definite advantage
in comparison with the pointed mica contacts with the bulb in that during con-
tinued vibration there is no disintergration of the mica into powder which can
result in gases which poison the cathode emission.

CERAMIC SPACERS

Slide No, 7 illustrates dramatically the use of ceramic spacers to replace
mica in receiving tubes. So far, this has been seen in rectifiers, triodes and
tetrode types. Obviously, it will be more difficult to adapt to pentodes and

to penta=-grid converters, Development work on the use of ceramics in place of
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mica is probably contimuing at a high priority iswel. This sketch shows that
the ceramic is indented at the éaﬁhode hole s¢ that there is & minimum amount
of thsrmaléconduction from the sléeve, One of the best ways in whi&h the ceremic
can be used is in conjunction with the German ¥pointad-end® cathodep 
CATHODES

8lide No. 8 shows in an enlarged view of the pointed-end cathodé which
is obtained by‘swaging & conventional seamless round nickel sleewe. 4lso shown
is the mothod for adapting to ceramic spacers. Automatic machines are available
dn Burope for swaging the cathode end. Frequently two additional'iugs ars'waldad
or cut from the bottom of the cathode sleeve so that the tubing itself does not
touch the bottom insulator. This still further reduces thermal-conduction heat
loses. '
ANODES |

Slide No. 9 shows a photograph of a standard aluminized iron or P2 plate
material in contrast with an equivalent platé of sarbonized nickel as pro&ucéd
in this country. For many years even the advocatesiaf the P2 plate material felt
that close spaced rectifiers could not be made with this material. However,
apparently means have now been found. 4s a result, eluminized iron is how the
standard anode material in at least one tube plant or in one country which pro-
ducea a fairly large quentity of good quality tubeéo There is apparent agree-
ment in both this country and abroad that a single steél works in the.Ruhf
supplies the best quality aluminized iron strip. Through standardization of
the P2 anode stock, it has been posaiblé for gobd processing conirols to bhe
placed upon the conversion process during exhaust; 30 thal the degree of darken-
ing is extremely uniform. |

Figure 10 shows sketches of some recently standardized plate deuignanl They
permit simple die and production equipment. Note that inspection slots have been

‘]:3 an
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placed in b&th shields, plaiasg and beam confining piateé 80 that operﬂtors may
chack their work with greater aurety and adjustment may be made for aligmment of
‘the Nbc 1 and 2 grids during assembly. This slide also shows an improved plate .
‘1ug design. This lug has an underacutting sdjacent to the shoulders. Thus the.
- lug starts to twist below the mica, This insures a more secure lock since tha
edges of the lug bite into the mica and a larger degree of.twisting above the
mice is also possible, One feature which makes these lugs so effective is the
iery narrow slots available in the foreign micas, It is qﬁite gommon in a mica
aé thick as 010 to .015" to have the width of the slots as small as ,012%,
fwo reasons may exist for these improved mica slots. First, a slower punching
technique is probably used, Sacong, the mica which is available appears to be
extremely well bonded, Our tests indicate that the mica is ﬁore closely laminate
than the Brazilian materiasl generally available in this country.
GRIDS
'Slide No. 11 concerns grid structures. Welded grids are used abrosd with
great regularity. This requires that the wire and supporting rod materials have
" compatible welding characieristics. Nicksl plated or clad copper rods are fre~
quently used. We believe that this has an advanbage since the nickel provides
a stiffening sleeve which lends greater strsength then for a wire of equivalent
weight. The copper does not interfere with the welding, but does provide the
greatest mass for maximum conductivity of heat awaj from the fine grid wire
turns.

Rectangular grid side rods are sometimes used to advantage in producing
grids with a narrow minor axis. Another technique is the use of a very fine
plteh for the end grid turns, This is sometimes used in this country, but is
mich more prominent abroad, A band of nickel ribbon may also be welded around

the ends of the grids to assist in retaining shape and improve the cut=off char-

=17 =
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acteristies. Pushed end grid turns and consequant short circuits are thareby
reduced considerably.
MICA SPRAY

S5lide No. 12 indicates by photographlc comparison the‘mig?mgpygya used
in one or more foreign countries in contrast with a conwantionel’thin spray
uped here. Note that the foreign coating is extremely white, is free from dis-
coloratiam around the cathode sleeve hole. Scratch tests show that it 18 @X=
tremely well adhsreds We believe this is probably one of the muat important
developmenta which has been found in the analysis of foraign tubesn To the
best of our knowledge the spray 1is the standard magnesia powder with a nitro-
cellulose binder added to it.

TUBE PROCESSING

After initial processing of tubes; it is normal to find not only conducting
deposits upon the mica 8pray, but @lso busium oxide or barium films upoﬁ the grid
wires and upon the insides of the plates and shields. These films have been studied,
and the consensus is that they are broken down urder electfon bombardment and ean
then become dangerous to cathode 14fe, From experience on the ASTM standard diode

" on laboratory exhaust systems, we know that it is extremely diffieult o reducé
this originai f£ilm deposit, However, analyeis of ths ﬁubes from several foreign
countries indiecates that conventionally they do not have such films on micas,
grids, or plate surfaces. We do not believe %that their exhaust procedures are
any better than c»ﬁrs or that their pumps produce a better yacuum. Our informa=
tion on this type of cathode coating indicates that it is very similar tc our owa
and certainly the materials used in the electrodes of the tubes are not dissimilar
from ﬁur own. We sannct suggest means for reducing or eliminating this coating
which is known to bs harmful, but we can suggest that it is possible and that

jndeed it has been possible to eliminate such films from production tubes. This

Approved For Release 1999/09/10 : CIA-RDP83-00423R001300450002-6
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s solution is found, then tubes should have greater elestrical reliobility.
. ELECTRODE SPACINGS

One of thgilarger tube plants abroad has taken groat'paina to bring oud the
. gquivalents of the standard American GT types of radio tubes, meeting Amerisan
electrieal specifimationse | '

" glide No, 13 shows plastic cross gection views of a foreign and V.8 typa

gridweathode spacing in the foreign samples than in the U.8, samples.
However, dimanaiohs and spacings on a large musber of tubes, produced over
a period of several years, indicates a spscifie trend to larger grid-cathode

épaeinga in foreign tubes than iﬂ U.8e tubes.

to achieve 10 %o 100% larger spacing and yeb maintain the same elestrical char=
acteristica. This, we maintain, is a major contribution to improved tube reli-
abiiitya | |

51lide No. 15 48 a graph of U.S.4. versue forsign cathnde to control grid

- spacings for a variety of tubes. Should these spacings havu been the same, all

of having the largest possible cathods to @ spacingso

We would cite the use of thorium getters, both as paste on the screen grid

which are flashed during aging as well as pelle’s in the retainers which are
wm"a

AR ProNed-EorR6160266-1099/09 /10— ClA-RDRE3-00423R001300450002-6

48 a challengs I fear and not & very great assistance to you at present. wWiem |

6&6?'tubaa The foreign cathode cross section has greatsr strength against baling.
The grid shape is more rugged and is such that expansion due to heatinmg will in=

ereasa grid-cathode spacinge. These design parameters have permitted use of elauet

Slide No. 1l presents in tabular fashion data on eathode, control, and soreen
grid dimensions of a series of tubes from several plants. Note that in the sathode

to'control grid spacingsy it hag frequently been possible for the foreign designs

the points would have 1ain slomg the L5 degree lins. The tendency for the points

to 1ie above the line is graphical evidence that a general policy seems to exlet
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11V, COMPARTSOW OF FOREIGN TC TOMESTIC GRID - CATHODE DIMENCIONS

Tube Type Cathode -

Cathode Grid A1 Mesh Side Cathode
{Foreign) Q.D- o Pitch Wire Rod to
) % orid A b4 Diameter , Diameter grid #2
: " Spacing 2 % Spacing
z
Triodes 0 +30 23 25 0 —
6ATS
, 65@7 ] 0 +16 +7 -18 0 —
Pentodes .
-6ACT %200 +h0 +6 =25 0 +33
6BA6 0 +33 +13 ~21 0 =7
6847 0 L 7 0 0 -1k
Fower Qutput
Types
6405 0o #9 0 +30 0 0
616 +150 +100 0 +6 57 =10
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fiashed during exhaust., We could cite the extensive use of cataphoretic coatings,
Loth o conserve materials as well as to obtalpn unitorm deposits on heaters,
cathodes, grids, and plates. 'lhe latter, ol course, tor transmitting tubes.

POVER OUTPUT PENTODL

Silide No. 16 concerns a nower output pentode designated originally by
nalefunken ss the LSS0, This tube tfills the gap in power output between the
(L6, rated at 20 watts, and the small 100 watt transmitiing tubes.‘ The photo-
praphic view well illustrates the Telefunken wartime structure. It is compact,
sturdy and the metallic end cap helps to provide heat dissipation. The x-ray
¢iew shows that the mount is closely attached to the strong button type stem
leads,

5lide No. 17 provides tabular information on the electrical ratings of the
6L6 and the related 5881 and 807 American tubes in contrast to an improved version
of the Telefunken LS50 tube which is still in popular and growing demand abroad.
WULTT-SECTION TUBES

tigure 18 sketches an unique mica design applicable for triode, double diode
tubes, such as the 6Q7. Conventionally in the US, the bottom triode mica has
an enlarged cathode hole which permits the coated portions of the sleeve to pass
through without damage., Then, to secure the cathode in axial alignment, three
vertical embosses are formed near the mid-point ~I the lock-seam c:a.’ghodee These
erbosses are difficult to produce and maintain within narrow control limits.

Foreign tubes, normally employing seamless cathodes, cannot employ vertical
embosses. Often the cathode hole has had three mica figures extending inwardly
which position the sleeve but scratch the cathode coating for the diode section.

A recent innovation has been seen, as sketched in fig. 18 c. The bottom
triode mica has a sturdy flap created by an elongated, tear-shaped grid hole,

and a lanced slot penetrating from the plate lug and peripheral indent. When
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XVII. FPOWER OUTPUT PENTODE ELECTRICAL CHARACTERISTICS
e Type 5511:3' ac iﬁp-ac ;Ei%s de ;:]f%g dc | EISE ;’:’E s‘ ;:g s de . glsc ;:ggs
USA 6L6 6.3 0.900 -30.0 270 7.0 2.5 360 8o.0 20
.USA 5881 6.3 0,900 -35.0 koo - 8.0 3.0 koo 80.0 25
UsA 807 6.3 0.900 -45.0 300 10,0 3.0 750 - 125.0 30
Foreign LS50 12.6 0.700  -120.0 300 20,0 5.0 1000 130.0 B0

wu—HorimmrRated-GondHions
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the flap 1z slightly raised, as drawn in 186 c, the unccatqd and unembossed

central sectlon of the cathode may readily be slipped into.the cathode hole
by tilting at an angle. With the flap released and the cathode vertical to
the mica, there is a firm contact, and the slocve ia centored with respect to
the grid and plate which have been added later, The flap is retainsd in the
plane of the mica by bending an sar from the plate barrel under the mica.

This structure appears to be rapid for assembly, accurate for centering,
and avoids difficult cathode production and control problems,

FILAMENTARY MINIATURE TUBES

When minlature tubes with fine filaments such as 1TL, 384, are asgembled,
there 1s difficulty threading the bottom connector through the grid structure
and welding 1t accurately to the stem lead. Further, there may be relative
motion betwsen mount cage and stem, daused either during bulb sealing, or
during shock and vibration. In either case the filament locationing and
tensioning can be deteriorated.

<4 group of foreign filamentary miniaturs tubes has been seen recently
whereln the filament is mounted as an integral part of the cage assembly, This
is chown in fig. 19. | |

The structure employs a U-shaped stamping which loocks tightly into the
bottom mica by four lugs. These fold over flush with the top of this mica.

After the cage ls completely assembled the filament is threaded through
the mica triangular holes and the control grid. The top anchor coiled spring
is welded to the proper support, such as the #3 grid rod., It is positioned by
bending the flattened attachment tubing so that the filament top tab is about
1=2 mm above its final desired positibn.

A thres gram weight is attached to the bottom filument connector. This
hangs fire and thereby provides a uniform and controlled tension to the top
anchor and filameni. The bottom filament tab is welded to the bottom anchor

stamping., Thus the 3 gram spring tensioning is retained. Excess length of
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the tab is cut off. Final adjustments of all cage parts and filament position
ing is then readily sccomplished with the cage ugencumbered by the button stem.

The last operation is to weld the inner stem leads to appropriate elmctrode
wires, Deformation of the filament location should be relatively impoassible.

Obvionsly similar designs might be incorporated into other filamentary
tubes, or into cathode types having close working spaces, or rigorous require-
menté for heater location.
GENERAL

Metallized sprays on the glass bulbs are common in Europsan tubes. Where
heat radiation is required, a carbon under-coat precedss the aluminum paint spray|
On top of the aluminum, & lacquer is nomally applied. The adherence of these
coatings 1s tenaclous. The slectrical resistance i1s of the order of a few ohms,
when application is done properly. Grounding contacts are obtained by wrapping
a copper wire around the top of a base shell and soldering it electrically into
the cathode base pin. The conducting metallized sprays embed the copper close
to the bulb. The formulae for the foreign coatings of high adherence'quality
are available from our files,
CONCLUSIONS

Qur colleagues in foreign tube plants exhibit a large degrees of engineering
skill. Remembering that they are faced with economic conditions far inferior to
our own, recognizing that their material situation is far from satisfactory and
believing that their equipment requires excessive inexpensive manual labor, we
are forced to admit that they have produced exceedingly well., It is quite prob-
#bla that the overall quality of our domestic tubes exceeds that of the foréign
tubes; however, we do suggest that some good features exist in these foreign
tubes which might be incorporated to the further advantage of our own tubes,

particularly those produced in small quantities and requiring the maximum of

electrical and mechanical reliability.
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THRETS DIMENSIONAL TUBL DATA PRESENTATION
F. Re. MICHAEL
Research Center

Burroughs Corporation
Philadelphia

CPYRGHT

HIres~ I meNs loNal Views Ol tube sLructures embedded in plastic
have been made pessible by techniques recently developed at the Philadelphia
Research Center of Burroughs Corporation (formerly Burroughs Adding Machine
Company) «

The total effect of several drawings and cross sections is
achieved in a single method of presentation that has proved most satis-—
factory where close-spaced, complex structures are involved,

Cross~sectional wedges of tubes embedded in plastic are cut at angles
to the tube axis that are determined by the structural characteristics
involved and the photographic effects to be achieved., These wedges are
a distinct analysis and evaluation of the tube in one method of sample
preparation.

The first cross sections made at Burroughs were cut perpendicular
to the axis of the tube, Difficulties in photographic lighting were
encountered which severely limited the value of the sarple, Both thick
and thin sections were cut (Fig. I). Sections that were thick enough to
give a sense of tube depth were too difficult to illuminate internally,
Thin sections were no better than a mechanical drawing.

A wedge-shaped section was next tried (Fige. II) in which
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FIGURE I

FIGURE II
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one surface was cut ab an angle of L5 degrees to the tube axis, and the
other surface was cut at 90 degrees to the tube #xis, Certain advantages
wore lumediately noted: intermal lighting was improved, and the inter-
sections of grid mesh wires with the hS degree plane gave a dotted, elongated
contour of each grid that was fully photogenic. The possibility of taking
dimensions that could now be measured on the surface of the plastic section
was enhanced, By using an Epoxy type resin, such as Minnesota Mining and
Engineering Casting lesin #2, shrinkage is held to less than 1%; with
reasonable care in encapsulating, cutting and polishing, accuracy well
within tube tolerances can be obtained. These Epoxy resins are amber
colored, however; for photographic purposes, the clear Folyester iype
resin is preferred. This resin, such as Castolite, shrinks as much as
20% of its volume, and so cannot be used for reliable neasurements.,
‘Meaﬁuraments taken from properly prepared samples can easily
be converted to significant decign ratios to be used as a basis for com—
parlson between tube types, or the same type from different manmufacturers,
It is expected that the number of samples examined for a single comparison
will properly reflect the significance to be attached to the results,
The number of samples required may be reduced by selecting tubes by their
electrical characteristics.
Internal illumination of the tube elements in the thicker part
of the wedge was still unsatisfactory. It was then determined to eut the
bottom plane B of the wedge at an angle to the tube axis as well as the
top plane A. Some weird results were obtained. If the bottom plane is

too steep, the grid turns are cut both hefore and behind, leaving unattached

-3 -
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zgrid wires suspended in the plastic and presenting a very odd impression
of an electron tube. A method of determining«<A == the angle at which
plane A 1s to be cuf ~- and/(f == the angle at which plans B iz to be cut ——

was nesded. The following formula i1s based on assumptions found to be

agsential for besst results.

In Figure IIlg

targ{ = (hy + hp)/W
and

tan/é = (Ho/(Vy + Wp)
Experience gained from many trials indicated that
Assuning equality,

Wy tane = (W) W) tan/é‘

tan/@ =W tar A /(W «&»Wz)
Mso ’
Hy = N/T =W, tan A
giving
tanoA = N/Tw2
In multi--grid tubes, N and T must apply to the same grid. For wide-pitched
grids, N 5 turne; and for close pitched grids, N 25 turns seemed best.
In Figure IV the layout for photographing the wedge is shown.

Note that reflected light is necessary to bring out the tiny grid wire

-l -
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intersections at the surface of the plastic, The anpular-cut blan@s allow
the illumination of the internal tube elements in a ztepped fashion so
that the anode, for instance, does not throw a shadow over the rest of

the internal structure.

The obtuse wedge, properly cut, offers three definite advantages
over the usual cross sections cut perpendicular to the tube axiss

1. Design ratios are easily measured on the surface of the
plastic, giving concrete bases for comparison (Fig. V). These ratios could bes

as 0y to Gy pitch.

be Grid pitch to grid gpacing from the cathods,

Ce (rid wire diameter to pitch or spacing (Fig. vI).
de Grid wire diameter to minor axial length,

e Spacings of the various elactrodes.

2. Deformation and misaligrnment of the tube elements and their effects
on tube operation are more easily seen, Note the heater position in the
cathode sleeve of Fig, VI. Fige VII shows the 7AK7 screen grid side rods
pushed off center, The grid turns in this tube are intentionally well
aligned to hold down screen dissipation. The intersections of the grid
burns in the plastic show both this aligonment and the Gy to 62 spacing effect
of the pushed side rods,

3e An improved concept of the tube structure is obtained through
betber illumination of internal tube elements, giving a sense of depth to
photographs., Examination of the sample is enhanced since the tube structure

can be seen in greater detail. (Fig. VIII).

-6 -
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FIGURE V
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FIGURE VI
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FIGURE VII

FIGURE VIII
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